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© Process for producing bimodal ethylene polymers in tandem reactors. 

@ first ^£ P S^%?^ Lne m °un» ^ co «* * 

composition comprising a ^ a gaseous monomeric 

catalyst, the hydrogen/ethylene rnolar^Bo /H^r * P u° w ,y 'J ^ 6ro ^ w, th a Ziegler-Natta 

partial pressure bfing no fwSiSlS TatoKoV n0 „ h,9her about 03 and the ethv,en e 
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°' 7, X m o^y to nofbe used to modulate the moiecu.ar weight of the HMW poiymer made in the first 

hXoTymerprooucUvity in the first reactor and reiativeiy iow productivity in the second reactor. Th,s tends to 
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5 employed in the firs, reactor is no Wgher than about 100 H f T"* ** partial pressure 

20 to 80 psia and the ethyiene psZ^l in Te se^Z^ " 15 , t0 1 °° PS ' a> Preferab,y ff0m 
erably from 70 to 120 psia, with the ethZ! Dartiil Li™ ' °* fr ° m 26 t0 170 psia - P ref " 

trom 200 10 350 pa 9 ' ' '" ** «""'«'"• *»» 100 to «00 preferably 

20 product Thus, the residence time may b£E£ST!£ M SVES? T?," ** bim0da ' PO,ymer 
first reactor, and, for example from 1 1 to is h^™ V T. , ' preferab, y from 1 10 3 hours in the 

the ratio of residence ^^^^2^£^ r T 25 l ° 5 h ° UrS in * e second reacl °'. •» 
5 to 0.7. preferably from 2 to 1 " *" f ' rSt reaCt0r bei " 9 in the ran 9 e - for sample, from 

reactor downed nigE' «* and shut the 

120, preferably from 50 to 90 cm/sec ^ Su ° h 938 velocit y is from 40 te 

the productivity may be from 0.6 to 9 6. ZefelZ from 16 to 3 fane in Z ^ "p,** h ** SeC °" d react0r ' 
may be from 2.2 to 25.6, preferably from 4 8 to ifi n Z 7 ' 6 ° Vera " pr0Cess ' the P ro °"ctivity 

catalyst metals in the resin proTct re9 °' n9 ran9eS ^ baSe ° ° n ana * sis of resid ^ 

from 0.890 to 0.960. SooTo gram^^ ^ M l ° 3 9ramS ' 10 ™" a " d a *>nsi«y 

0.890 to 0.976, pre erabtytm o 5 Tto 0 976 oram f^T " * * 2 °°° 9famS/1 ° 300 a densi * from 
process model using JS^^2r^^^"" W ^^ ona ^^ 

leas,^^ has a " ai9h < -*« of HMW polymer of at 

preferably from 6 to 100 grWIO min a melt flo W ESSSK"! f! 5 ^ 3 indeX fr ° m 3 to 200 « 
index) from 60 to 250, preferably from 80 to^O a h k ( ^ FR ; < f' cu,ated as *e ratio of flow index to melt 
an average particle sizelps 5 from 12^ to iSn 0 89 ,0 ° 965 ' preferab, y fr °™ ° *> 0.960. 

(defined as particles Sj^^JS f ! *T 38 ° l ° miCr ° nS ' and a te 
less than about 3 SZSpSS X reoS to r ° f ^ * m ab ° Ut 10 Weight P ercerrt « P"**** 

fines are producedTm^S 1 haS ^ f ° Und that a ^ low *™"<* « 

second reactor. This i "i£to no TsincI ? P ercenta 9e of fines changes very little across the 
reactor in a gas phase. flSS fineS are produced *™ *• *« or only 

as defined herein. A IwhSKJta^^J^^ ' re a ve '^' ow rnolecular weight (LMW) polymer 
med in the second reactor depS v -h » "T" 88 ° f thfe inVenti ° n ' the LMW P 0, y mer for - 

inthefirstreactor.minimiigtS^ 

(SB 2 across the second reactor while the AP^ste^ faiily cOTstenT " ' nCreaSe Sett,6d ^ den8i,y 
Brab^rr^l^^ 
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t 

in whic'h the transition metal compound dissolved with , at * ^-sS 

Ha Ilia or the first transition series other than copper of the Penodic Table e g a ' carbon-nit- 
r^nesium chloride in a soivent with elecfron ^onor P^-^ S^^^ 

^SLalU Md. or ouWd. «. M> » torn »" "™" -W" 1 « ala " s '' 
halogen, and an electron donor, and 

(ii) at least one hydroc^rbyl aluminum catalyst. exemplified by an empirical formula Mfc. 

the precursors of the titanium based complex are soluble; a is 0.5 to 56, b is 0,1. or A c is 

:3fS~==r.~ rsssssssstsssss 

acetate, ethyl anisate. ethylene carbonate, ^^j^ thtein X' s S or OR"; R" and R" are satu- 
The cocatalyst may. for example, have the formula AIR J. ,H 0 wnerein a .s • 

s.r*StU«i-»»i«"*~w w-***"""™* "^W" 
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Zl i,t Q T I ;"?.!! 10 reaCt With the hydr0Xyl 9r0upS °" the su PP° rt which tend to react with 

and deactivate part of the titanium in the catalyst, but not in sufficient quantity to function as a cocatalysT A 

hivino -T? ' S 9 "5 r artiCU ' ate materia ' eSSen,,a,ly 10 the P^***"- ,t is used as T££!£ 
having an average part.de sue of about 10 to 250 microns and preferably about 30 to about 100 microns- a 
surface area of at least about 3 square meters per gram and preferably at least about 50 square ^rs per 
gram; and a pore size of at least about 80 Angstroms and preferably at least about 1 00 Angstroms General 

? 35 a mZot s "r rt r d is : hat which wi " provide aboui 001 f ° about °- 5 - and *s oil 2 

^IT^l r meta ' 01 SUPP ° rt - ,m P re 9" ation <™ a abovementioned catalyst precurso 

old L «T P ; ,S , aCC ° m P ,ished b * ™ in 9 the <=™P«e* and silica gel in the electron donor solvent fol- 
lowed by solvent removal under reduced pressure and/or elevated temperature 

In most instances, it is preferred that the titanium/magnesium precursor not be combined with the hydrocar- 
byl aluminum cocatalyst pnor to being fed to the first reactor, but that these components be fed to such reactor 
separate.* a „d that an additional quantity of the hydrocarby. aluminum cocatalyst be fed to the ecZ react 
n an amount . sufficient to increase catalyst activity in the second reactor. However, in some embodiment^ 
cocaSvt JlT< h .k 16 10 PreredUCe ° r 3CtiVate thC ^"'^agnes.um complex with an amount o 
to h hIv "? COmP ' eX 10 lhe firSt reaCt0r When this fe done - * is nevertheless often advan- 
tageous to feed additional quantities of cocatalyst to each reactor to maintain the level of activity of or fully actf- 

fetentanf C °f 3lySt iS ^ 10 6aCh reaCt ° r " eat ° r 38 3 Mon an inart ^ventsuch^ 

,h!' , ! rta "'""^agnes.um complex is partially activated with cocatalyst prior to being fed to the 

p ? ' „ f ° r the P3rtial aCtiVati0 " may be ,he same or ^rent ftom that fed separately to 
fed to he^I?lTf T^T ParDa ' aCtiVali ° n ° f lhe « ta n-^agnesium complex prior to its being 
or a ^Tsro^^'^ diethy,a,Umi " Um Chl0rida ' tnethylaiuminum and triisobutylaluminum 9 

f^nlTZ* T ST 3 "* , preferred - il be advantageous in some systems to employ a catalyst of the 
foregomg type ,n he form of a "prepolymer." prepared by contacting the titanium/magnesium complex and the 

KttcszrcSr with ethy,ene under poiyme " ation ~' - 

ysf^S 



Table I 

Catalyst Ocnponents Broad Exemplary Preferred 
Bange Raroe 



1. 


Mg:Ti 


0.5:1 to 56:1 


1*5:1 to 5:1 


2. 


Mg:X 


0.005:1 to 28:1 


0.075:1 to 1:1 


3. 


Ti:X 


0.01:1 to 0.5:1 


0.05:1 to 0.2:1 


4. 


MgrED 


0.005:1 to 28:1 


0.15:1 to 1.25:1 


5. 


Ti:ED 


0.01:1 to 0.5:1 


0.1:1 to 0.25:1 


6, 


Cocatalyst us 


ed as 






Partial Activator: Ti 0:1 to 50:1 


0:1 to 5:1 


7. 


Total Cocatalyst: Ti 0.6:1 to 250:1 


11:1 to 105:1 


8. 


*D:A1 


0.05:1 to 25:1 


0.2:1 to 5:1 



Specific examples of the described catalysts comprising a titanium/magnesium complex, and methods for 
their preparation ar disclosed, for example, in U.S. Patent Nos. 3.989,881; 4,124,532, 4 174 429 4 349 648 

0 120 503; and 369 436; and the entire disclosures of these patents and publications pertaining to catalyste 
are incorporated herein by reference. M"'«ig «» caiaiysis 

Another type of catalyst suitable for the process of invention are those utilizing a Ti/Mg complex prepared 
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by the concurrent interacting of a previously dried, solid, porous, inorganic earner, e.g., silica w.th a d.alkyL 
magnesium wherein the alkyl group contain, for example, 1 to 1 2 carbon atoms, e.g., d.butylmagnes.um (DBM). 
titanium tetrachloride, and with or without an electron donor, e.g., an ether or ester such as ethyl benzoate 
tetrahydrofuran, or n-butyt ether. Such a Ti/Mg complex is utilized with a hydrocarbyl aluminum cocatalyst of 
the type and in the manner described previously in connection with other types of Ti/Mg complexes in practicing 
the process of this invention. The activity of the catalyst may be enhanced by using as a cocatalyst 
diisobutylaluminum hydride (DIBAH) ortriisobutylaluminum (TIBA) and by feeding isopentane into the firstreac- 

tor with the catalyst. .... A u 

Still another class of catalysts which may be used in the process of this mvenhon .s prepared by treating 
a previously dried, solid, inorganic, porous carrier containing OH groups, e.g., silica, with a liquid e.g., te rahyd- 
roftjran, containing a hydrocarbyl magnesium, e.g. ethylmagnesium chloride, evaporating liquid from the so- 
treated carrier leaving a magnesium precipitate on the carrier surface, and contacting the resulting powder with 
a solution of transition metal compound, e.g.. a tetravalent titanium compound such as titanium tetrachloride 
to form a transition metal/Mg complex or mixture of complexes on the surface of the earner. The earner may 
be initially dried in the presence of an oxygen-containing gas such as air rather than an inert gas such as nit- 
rogen. Tne resulting supported transition metal/Mg complex may be utilized with a hydrocarbyf aluminum 
cocatalyst as disclosed previously with other Ti/Mg complexes, added to the first or both reactors. If tiydrocafcyl 
aluminum cocatalysts are added to both reactors, they may be the same or different Various catalysts of Vm 
iype and methods of preparing them are described in U.S. Patent Nos. 4,481,301 and 4,562,169, the entire 
disclosures of which are incorporated herein by reference. 

Also suitable in carrying out the process of this invention are catalysts prepared by pre-treatmg a dried mag- 
nesium oxide (MgO) support with an organic acid, e.g. 2-ethoxybenzoic acid, and contacting the resulting pre- 
dated support material with a titanium compound which is the reaction product of titanium tetrachlonde and 
an alkanol having 5 to 12 carbon atoms. The material is then treated with.a hydrocarbylalummum, e g tivn- 
hexylaluminum to obtain the supported catalyst, which may be utilized with additional amounts of a hydrocar- 
bylaluminum cocatalyst, e.g., di-n-hexylaluminum hydride (DIBAH). a « desc f , ed P^'""^^^^^ 
various Ti/Mg complexes, in practicing the process of this invention. The catalysts are described more fully in 
U S Patent Nos 4 863.886, the entire disclosure of which is incorporated herein by reference. 

' Another group of catalysts suitable for the process of this invention are those prepared by treating a mag- 
nesium oxide (MgO) support with an organic acid, e.g., 2-ethyxybenzoic acid, acetic acid, or acta no.c acid 
reacting the treated support with titanium tetrachloride, and pre-reducing the catalyst wrth an aluminum alkyl, 
e g triethylaluminum, tri-n-hexylaluminum, diisobutylaluminum hydride, or trimethylaluminum Dunng polym- 
erization, a cocatalyst is used which may also be an aluminum alkyl such as any of those in the foregomg list 

° f P The tmounfof "^catalyst utilized in the Ziegler-Natta catalyst employed in the process of this invention 
whetherfor pre-reduction or activation of the catalyst prior to polymerization or added to the first reactor or both, 
is generally in the range, for example, of about 2 to 100 gram atoms of cocatalyst metal e.g alummurr ^ per 
gram atom of transition metal, e.g.. titanium, preferably about 5 to 50 gram atoms of cocatalyst .^etal per gram 
atom of transition metal. Any amount of cocatalyst added to the second reactor is not .ncluded in the foregomg 
ranges. However, it is preferred that additional cocatalyst be fed to the second reactor to increase catalyst 

^Referring now to the drawing, catalyst component containing transition metal, e.g. titanium, is fed into first 
reactor 1 through line 2. Ethylene, comonomer. e.g.. n-hexene. if used, hydrogen, if used, inert gas such as 
nitrogen, if used, and cocatalyst. e.g. triethylaluminum (TEAL), are fed through line 3 into recyle line 4 where 
they are combined with recycle gas and fed into the bottom of reactor 1. The gas velocity is h,gh enough and 
the size and density of the particles in reactor 1 are such as to form a fluidized or dense bed 5 comprising cata yst 
particles associated with polymer formed by the polymerization of ethylene and. if present, cdmonome. • w.ttiin 
reactor 1. The conditions in reactor 1. e.g. partial pressure of ethylene, hydrogen/et W*" 6 ;^^; 
oerature total pressure, etc. are controlled such that the polymer which forms is of relatively high molecular 
weight (HMW). Recycle gas leaving the top of reactor 1 through line 4 is recompressed in «>™P ress ° r 6 ' ( 
in heat exchanger 7 after passing through valve 8 and are fed to the bottom of reactor 1 after being optionally 
combined with make-up gases and cocatalyst from line 3 as described. 

Periodically, when sufficient HMW polymer has formed in reactor 1. the polymer and catalyst 1 are trans- 
ferred to discharge tank 9 by opening valve 10 while valves 11. 12 and 13 remain clos ed When an amou t f 
the HMW polymer and catalyst from reactor 1 which is desired to be transferred has been fed to discharge tank 
9. the tranter system to second reactor 14 is activated by opening valve 13 to force the HMW polymer and 
catalyst into transfer hose 15. Valve 13 is then closed to isolate transfer hose 15 from discharge tank i I and 
Slve 1 1 is opened, ensuring that any gases leaking through valve 13 are vented and do not back-leak across 

6 



r 
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lT* \ I in T° reaCt0r 1 • Tra " Sfer h ° Se 1 5 iS the " pressurfeed w "h reactor-cycle gas from reactor 14 by opening 
A Mi , UPS6tS reaCl0r U> Surge vessel 17 is used t0 store gas for pressuring transfer hose 

14. Both valves 16 and 18 are left open for a period to sweep transfer hose 15. Valves 18 and 16 are then 
the transfer operation. D.scharge tank 9 is then purged with purified nitrogen through line 18A by opening vaZ 

is c ^ U nrpc«! T™^ Cyde 9 oo COmprisin 9 hydrocarbons and hydrogen leaves reactor 14 through line 19, 
, 7/ ! y COmpressor 20 - flows throu 9h valves 21, 22 and 23 in line 24 and through surge tank 17 

tor^ctorU^ 

bv c-^fnn^^^r oSTV* iS effeCted> the fl ° W ° f 938 from reactor 14 to transfer 15 is stopped 
tl ,2 ^ h w 3 ^ 16> Ethy ' ene> hydr09en - «™non»r. e.g.. n-hexene. if used, inert gas such 
ZSIZ L U nn ' and h CO f 3 ySt ° r Cata,ySt «"*>"••* used. e.g.. TEAL, are fed to reactor 14 through 
hne 25 after be.ng combined w.th unreacted cycle gas leaving the top of reactor 14 through line 19 which is 

le6 28 T h S m «?»i 1 S,2e ri a ", d d6nSity ° f PartiC ' eS in reaCt0r 14 are such as to fo ™ fl^ized ^ense 
£Lll J JTiJS? X I ^ I" 5 aSS ° Ciated With the Ca,alySt ' inC,Udi " 9 ,he transiti0 " me »a' P^ary catalyst 
lane ™«ri„H f T ^ ^ COndit ''° nS reaCt ° r H partial pressure ° f ethylene hydrogen/ethy- 
lene ratio and temperature, are controlled such that a relatively low molecular weight (LMW) polymer fols 

aZu^LMW | VOidS H° f "? P ° lvmer ' cataIvst P a ^es transferred from factor X^£Z 
amount of LMW polymer has.formed resulting in a bimodal polymer having a desirable molecular weight dis 
tr.but.on and other properties, the polymer is transferred to discharge tank 29 by openingvalve 30 whileTepina 

TltlTlt Aft r SUbStanti f ' a " P ° lymer h3S bee " ta ™*™" 10 dischar9a £* h Too, ectS 
closmg valve 30 and open.ng valve 31 . resulting in the pressure discharge of the final polymer product through 

The following Examples illustrate the invention. 

Example 1 

A catalyst was prepared by reacting MgCI 2 . tetrahydrofuran (THF) and TiCI 3 .0.33 AICI 3 . adding the resultino 

:; e ° d ! h hyd rv i,ica treated with sufficient *> -act *«■, «. oh zzt z 2 

LL^t nr! 9 h S ' 9n ' fiCantly 38 P"*" aCtivator or o***^ ^e resulting sfllca supported 
co «£ v n;™aH^ h° " Q " Partia " y aC,iVatin9 the SUPP ° rted Precure0r wilh tri-n-hexylaluminum. as 
r 8 88ll 8 excL^r t H "? ° "T^ ^ Ca,a ' ySt W3S Substantiallv «"* <>< Example 4 of U.S. Patent No. 
oufwifh t h P . P I 3 ' aCt ' Vat,0n ° f the SUPPOrted ma 9nesium and titanium precursor was carried 
clSl tr - n - hex y a,u ™™ m al °ne as partial activator rather than the latter together with diethylaluminum 

2221. f th ! PatenL The ffee fl0Win9 Cata| y st powder IM-KV)1 contained the following weight pe" 

centages of components: Ti. 1.07; Mg. 1.7; CI, 7.5; THF. 14.3; and Al 1 98 

Using the foregoing partially activated catalyst, a gas phase, fluidized bed polymerization process was car- 

reaCt0rS ° Peratin9 tandem m ° de 38 Sh ° Wn in lhe drawi " 9 " Tne Proems inc'udedThe 
2SS2LriT2 35 COm ° n0me L t0 reaCt0f 1 (but not reactor 14 ) and triethylaluminum (TEAL) as cocataj^ 
to both reactors. N.trogen was used to control the total pressure in both reactors at abou 300 psig Averages 

ZHZSOZT m ' T r Whi ° h WerB COntr0 " ed tC Produce a bimodal P° lv ™ suitable Jbemg btow 
molded mto bottles mtended for household industrial chemicals (HIC), are shown in Table II, »H 2 /C 2 " is the mo™ 
ratio of hydrogen to ethylene, and »<VC 2 " is the molar ratio of n-hexene to ethylene with the gas phase 



50 
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Table II 



tteacter 1 (HMW) Peacrtor 14 (Um 



Tenp. (°C) 


84.3 


104.9 


PC 2 = (psi) 


41 


98 


*2' C 2 


0.049 


1.26 


V C 2 


0.032 


0.0 


TEAL (ppnw) 


234 


160 


Ihrot^hput (lb/hr) 


31 


55 


Resid. Tine (hrs) 


3.9 


3.4 


Cat. feed (g/hr) 


6.7-7.2 


0.0 



The HMW polymer leaving reactor 1 was found by direct measurement to have a flow index (Fl or l 21 ) of 
0 79 g/10 min. and a density of 0.930 g/cc while the LMW polymer produced in reactor 14 was calculated from 
a single reactor process model to have a melt index (Ml or l 2 ) of 135 g/10 min. and a density of 0.972 g/ca 

The granular bimodal polymer obtained from reactor 14 had a flow index of 38 g/1 0 min., a density of 0.952 
g/cc a fines content (defined as particles which pass through a 120 mesh screen) of 1.3 wt%. a settled bulk 
density (SBD) of 27 Ib/fP and an average particle size (APS) of 0.027 inch. It was obtained from reactor 4 at 
a productivity of 3200 lb/lb or 14.3 x 10* g/g-atom Ti based on the weight of partially activated catalyst utihzed 
in the reaction as determined by residual metal analysis, and had a fraction of HMW component (X,) of 0.56. 

Using standard procedures, the granular bimodal polymer was formed into pellets which had the following 
properties: Fl. 28 g/10 min.; melt flow ratio (MFR. the ratio of Fl to Ml), 71; density 0.953 g/cc; heterogeneity 
index (HI the ratio of Fl of granular to pelleted resin). 1 .37; and a relatively low gel content. The relatively low 
value of heterogeneity index indicates a fairly high degree of inter-particle homogeneity probably caused by 
substantial blending of HMW and LMW polymer in each resin particle. 

Using a Kautex blow molder, the pelleted resin was formed into a 16 oz. ASTM bottle which had a weight 
of 24 7 g and exhibited a diameter swell of 2.02. The bottle was used for the pressurized environmental stress 
cracking resistance test (ESCR, ASTM D-1693) under the following conditions: 10 psi. 1/4 filled, 10 /4 , Igepal 
nonionic surfactant, 60°C. The bottle had a pressurized ESCR of 406 (F 60 , hr.) and a top load strength 7.66 lb. 

Example 2 

The procedure of Example 1 was followed using slightly different process conditions as shown in Table III. 

Table HI 

Reactor 1 (HMW) Rgactcy 14 (UW) 



Tenp. (°C) 


80.0 


105.0 


PC 2 = (psi) 


32.0 


94.7 


V C 2 rati ° 


0.032 


1.07 


C 6 /C 2 ratio 


0.032 


0.0 


TEAL (ppraw) 


345 


138 


Ttiraughput (lb/hr) 


23 


64 


Resid. Time (hrs) 


4.0 


3.1 


Cat. feed (g/hr) 


9.7 


0.0 



The HMW polymer produc d in reactor 1 had an Fl of 0.57 g/10 min and a density of 0.927 g/cc.. and th 
* 8 
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^Z^t^TT. in reaCt ° r 14 W3S delermined b V backaveraging to have an Ml of 81 g/10 min. and a 

fable IV 

Granular . Pelleted 
FT (g/10 min) 41.4 FT, g/10 min. 26 

Density (9/oc) 0.956 MFR 98 

SBD (lb/ft 3 ) 27 Density, g/cc 0.955 

APS (inch) 0.028 HE 1.59 

Productivity 
(lb/lb solid cat) 3000 

Productivity 
(g/g atom Ti) 13.4 x 10 6 

Bottles (Asm, 16 oz) blow molded from the pelleted 
resin had the properties shown in Table V. 

Table V 

Weight (g) 26.3 
Diameter Swell (inches) 2.12 
ESCR, F 5Q (hr) 406 
Top load (lb) 8.12 

The properties of the bottles blow molded from the bimodal resin produced in Examples 1 and 2 is allow 
50 EsCR's ' b0tt ' eS and/ ° r blendin9 reCyC ' e teSin Whl,e Sti " achievin9 specified mini ™ m 

Example 3 

« , 7 h | e P°'^ edzation P^edure of Examples 1 and 2 was followed except that the conditions of reaction were 
TaMe It ^ 3 ' V6,y h ' 9h m °' eCUlar Wei9ht ' hi9h dSnSity resin " Such conditions are shown in 
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Table VI 





Reactor 1 


Reactor 14 


Tenp, (°C) 


80.0 


104.9 


PC 2 = (psi) 


36 


105 


V C 2 


0.023 


1.72 


C 6 /C 2 ratio 


0.027 


0.024 


TEAL (ppnw) 


382 


240 


Throughput (lb/hr) 


27 


43 


Resid. Time (hrs) 


3.8 


4.8 


Cat. feed (g/hr) 


7.7 


0.0 



The HMW polymer produced in reactor 1 had an Fl of 0.35 g/10 min. and a dens.ty of 0.955 g/cc and the 
LMW polymer produced in reactor 14 was calculated to have an Ml of 427 g/10 mir, and a dens,ty of 0.963 
g/cc. The properties of the bimodal resin obtained from reactor 14 are shown in Table VII. 



FT (g/10 min.) 
Density (g/cc) 



Tftble VTI 
Granular 

5.04 
0.945 



Fines (wt.%) 0.7 
SBD (lb/ft 3 ) 25.0 
APS (inch) 0.027 

Productivity (lb/lb solid cat.) 2730 
Productivity (g/g atom Ti) 12.2 x 10 6 
X. 0.62 



Pelleted 



Fl (g/10 min.) 4.1 
MFR67 

Density (g/cc) 0.945 
HI 1.23 

?h?b?modTr^in could be formed with good processability into f.lms of superior mechanical properties. 
Example 4 

The catalyst utilized in this example was similar to that employed in Examples 1 to 3 except that the silh 
ca-su ported Ti/M complex was not pre-reduced or partially actuated with ^n-hexylaluminum. The catalyst 
* • ~a Hiwo/Ti 1 Q5 wt.% Ma 8 22 wt% CI, 15.4 wt.% THF, and 1.41 wt.% Al. 

p^ell; Procett of^es 1 to3 was general* foHoweo using the specific process con- 

ditions shown in Table VIII. 



10 
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Table VTTT 

Reactor 1 Reactor 14 

Tenp. CO 75 105 

rc 2 (P 51 ) 55 + - 5 85 +7 

R^C- ratio 0.025 + - °- 005 2.0 +" o.l 

cr/cf ratio 0.034 + - °' 004 °-033 +" 0.003 
TEAL (PPMW) 280 



110 



TO 



Throughput (lb/hr) 28 51 
Resid. Tijne (hrs) 2.8 3-4 
T5 Cat- feed (g/^r) 8.5 0-0 

Properties of the HMW polymer produced in reactor 1 were as shown in Tabie IX. 

Table XX 
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(g/10 ffiin) 0.35 - 0.45 
Density (g/cc) 0.929 - 0.931 
25 SBD (lb/ft 3 ) 18 

Fines (wt.%) 1.9 
APS (inch) 0.023 

Productivity (lb/lb solid cat.) 1500 
Productivity (g/g atctn Ti) 6.7 x 10 6 
Properties of the bimodal resin obtained fran reactor ■ 
14, either granular or after pelletization, are sho*n in T*ble X. 

Table X 
Granular 

SBD (lb/ft 3 ) 24 
Fines (wt.%) 1.9 
APS (inch) 0.026 

Productivity (lb/lb solid cat) 3300 
Productivity (g/ g atom Ti) 14.8 x 10 6 
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FI(g/10min)5-8.5 
Density (g/cc) 0.944 - 0.946 
50 MFR95-105 

Surprisingly, it was found that the non-prereduced catalyst of this example yielded a granular bimodal resin 

Sin 'T ? ^ aCCePt3b,e S6tt,ed bU ' k denSity (SBD) ° f 24 ,b/ft3 when used in tandem mode proce s 
to l JZ T' 7 ™ Pr h ereduCtl0n 0f the silica-supported Ti/Mg complex has been found to be necessary 
to obtam the level of SBD when the catalyst is used in a single stage gas phase fluidized bed process. 

Example 5 

A catalyst was prepared as follows: 314.5 grams of Davison 955 grade silica, previously calcined at 600°C 
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for 12 hours was transferred into a 4-neck, 3-liter round bottom flask fitted with an overhead stirrer and under 

TJ^SZZS^ ** — P' aced int0 a " °" b3th 31 6 °- 65 ° C 1 ^Th ° T Tatted 

189 ml oSutylmagnesium (1 .02 Molar solution in heptane) were added. The contents of the flask were shrred 

or atu one hour after which 21 .7 ml of titanium tetrachloride, diluted with about 75 ml of dry hexane were 
added Afteraboutonehour.the solvents 

341 grams of dark brown free-flowing powder. Analysis: Mg = 1.33 wL%; T, = 2.94 wt.%. CI - 8.17 wt. A, s,hca 

= 84 in r s imulated test for the suitability of this catalyst in the tandem reactor process of this invention such 
catalyst waTused to prepare an HMW copolymer of ethylene and n-hexene. The catalyst was used m n a p.lo 
Sis phase,fiuidfzed bed reactor having a bed volume of 4.0 ft3 and operated at a 
75 °C a total pressure of 350 psig. an ethylene partial pressure of 83 psi, an H^C* molar ratio of 0.08 a CyC, 
molar ^0 037, a use of trimethy.aluminum (TMA) cocatalyst in an amount of 1 80 ppmw anc^a pr« 
of 1300 lb/lb solid catalyst to produce an HMW copolymer hav.ng an Fl of 1.2 g/10 mm., a flow at 
o.O and a Lsity of 0.936 g,cc. The flow ratio is defined as the flow IJ^^^d^^ " 
intermediate load melt index (l 5 ) measured at 190°C in accordance with ASTM D-1238, Cond.tion P. 

I0 ^oreg 9 rg HMW copolymer was melt blended with an LMW linear ethylene homopolymer having , a melt 
index of 200 g/1u min. and a density of 0.974 g/cc using a twin-screw Brabender extruder to obte n a Wend 
having HMW and LMW fractions of 0.5. an Ml of 0.32 g/10 min. an F. of 36 g/10 mm an MFR of 112 and a 
densi* of 0.957 g/cc. With regard to blow molding properties, the blend has an annular d,e swell (ADS)-we^ht 
of 0 69 a/inch an ADS-diameter of 2.12, and a relatively low melt fracture roughness of 100 micro.nches. 

^o^^E-- that the catalyst of this example is suitable for use in the tandem gas^hase 
process of this invention to produce a bimodal resin having satisfactory propert.es for blow molding appl.cations. 

25 Example 6 

A catalyst was prepared as follows: 255.9 grams of Davison 955-600 silica were transferred into a 4-neck 
3-liter TSZ fitted with an overhead stirrer kept under a slow purge of nUrogen. Dry eptane , in 
amount of 1 200 ml was added to the flask which was placed into an oil bath set a 60-65 C. Then 181 ml of a 
T^lt solution of di-n-butylmagnesium (DBM) in heptane were added dropwise using an addrto funneL 
After 90 minutes. 30.5 ml of titanium tetrachloride diluted in about 100 ml of heptane ) were added toj he 
S ca/DBM^Iurry and stirred for 10 minutes. The heptane was removed by evaporate with a sbong nfrogen 
purge for 6 IkTs and 286 grams of brown, free-flowing catalyst powder were recovered wh.ch analyzed as 

'^he H^W - followed under the following spec.c conditions: 
The HMW polymerization pro y 0.039, the cocatalyst 

SS^JSS an HMW copolymer 'having an Fl of 1.5 g/10 min.. an FR of 16 g/10 min. and a density of 

°' 93 ?he /C foregoing HMW copolymer was melt-blended as described in Example 5 with an LMW ethylene 
homopo,^rha n ving an Ml of 86 g/10 min. and a density of 0.977 g/cc f^J^^^Z d a 
having HMW and LMW fractions of 0.5. an Ml of 0.32 g/10 min., an Fl of 32 g/10 mm. a . MFF of J00 ^and la 
aensUy of 0.955 g/cc. On blow molding this blend, it exhibited an ADS-weight of 0.67, an ADS-d,ameterof 2.06 

nrerS 

rachloride with DIBAH as a cocatalyst are suitable for use in the process of this mvenhon to produce superior 
Sow moS resins at relatively high overall productivities. Similar results could be obtained w.th tn.sol- 
butylaluminum (TIBA) as a cocatalyst with the described primary catalyst. 

50 Example 7 

The catalyst was prepared as follows: In part A of the preparation. 289.5 grams of Davison 955-800 silica 
haviL a noS average particle size of 50 microns were transferred into a 4-neck 3-liter round bottom "ask 
SZirmT^aad stirrer and under a slow purge of nitrogen. About 1500 ml of dry tet raMrofuran (THF) 
55 w re :Sed to the flask which was placed into an oil bath set at 60-65'C. Next 

of ethylmagnesium chloride in THF was added dropwise using an addition funnel to the s.l,ca/THF slurry After 
10 mSe the THF was removed by distillation to yield a white free flowing powder. The powder was dned 
or iThou ; undL a slow nitrogen purge with the oil bath set at 80-85'C, and. except for 2 grams which were 
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reactor. Ranges of react.on conditions employed are shown in Table XI. 1 ' 

'fable XI ■ 

Reactor 1 (Htm Reactor 14 

Teup. (°C) 75-80 95-105 

rc 2~ (psi) 40-60 85-105 

I^/C 2 ratio 0.030-0.040 1.9-2.2 

c 6 / c 2 rat io 0.025-0.040 0.030-0.040 

TEAL (Fpra*) 250-300 none 

IMA (pptnw) none 80-110 

Product (lb/hr) 26 2 4 

Resid. Time (hrs) 2.8 3.2 

Cat. feed (g/hr) 6.7-7.2 none 
(precursor) 

HMW reactor" £ Lmw r^V^^f '* ^ *' ^ Ume for the tan * r 0f — catalyst from 
mm w reactor 1 to LMW reactor 14 was 2.5-3 min., the weight of polymer and catalyst per cycle was 2-4 lb and 

T ,d Z' lme ° f the P ° lymer and Cata, y st in tan «* hose 15 was 3CM5 sec ' 
an FR oH MT^ST '""J 8 T ^ f ° Und " y direCt ™ as ^™nt to have an Fl of 0.2-0.6 g/1 0 min 
APS of C 025 Inn ! de " S,ty ° f °- 928 -0.939 g/cc, a fines content of 5 wt%, an SBD of 21 iS and an 

dJTJ^no^n B « f 3 Sl " 9le reactor process model t0 nave a" Ml of 200-400 g/10 min and a 

2S£ ? . ? T? 9 k C ° 3nd W3S determi " ed b y d ^^nce to be produced at a productWty In I "S ka 
polymer/g catalyst. The bimodal resin obtained from reactor 14 had an Fl of 5-1 1 g/10 min a^MFR of 'l25UD 
a fines content of 4 wt.%, an SBD of 26 MP, an APS of 0.026 and an HMW frac ion X 1 of O ^ n I 1„h ' 
produced at a productivity of 3200 kg polymer/g catalyst ( 1> - 5 ' 0 - 6 a " d W3S 

72 50 T !l!i b a im H Od l reSin ^ t !! i ! eXamP ' e W8S b '° W extruded int0 a film of °- 5 m ' ftickness at a melt pressure of 
7250 ps, and w.th good bubble stability. The film had a Dart drop (F 50 , g) of 395 (ASTM D-17M) 

Example 8 

was slumed in purified hexane and 0.01 mole 2-ethyoxibenzolc acid (2-EBAVmoT SaO tU* « Z2?£K 
Jn io! Z ! l ° the 2 " EBA - freated MgO. then refluxed 16 hours. The r suWng solW was washed 

g.ve «f o of about 0.25, based on an assumed Ti content of 1 mmol Ti/g finished catalyst The pre- 
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cations. 
Example 9 

, ac fn „ ows . a samD |e of MgO support (Merck-Magi ite D) was dried in a 500 ml 
A catalyst was prepared as £» 0 ^^ ams of this dry Mg0 support was then 

3-neck flask under nitrogen at 250°C for 16 hours w.tnoui spring. y n -octanoic 

ution.The^lpentanol/TI^ 

perature. The slurry was refluxed at 70 C for 1 6 hours ana a"™ e ° , f 25 L% 

6 times with 100 ml of dry hexane and ^^^^^^ Si., to form a catalyst 
hexylaluminum ^ 0 ^2KS d edlr 16 hoTnfat 65*C under nitrogen purge, to give a ft^- 
SnghXCowdS 

U HMWpolymerizationandmeltb.endingprocedu^ 

amount of 300 ppmw; and productivity, 2300 lb/lb solid catalyst gnd an 

29 9 « .pd an ! — JJ-aS SEES EE£E L «„d„n 8 » ph.P. 

of superior mechanical properties. 
Example 10 

" T^olip^.c.,..,...^ 

,„... 250.8 gram* a. 955-600 silica (Oavlaor, 955 .ate. ojfcjjdjj MO ° « ^> ^ , 500 ml o, d„ 
4-naak.d Baak .quipped with . niaoaan ,nl« .„d a dropping s ,„„ !ST.n h.K.d to 50-55-C .nd Ih.n 
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!f2£ ^Inn^ ? feed u at 570 PPmW - At a " average "Wystfaed rate of 4.4 grams/hr, an average pro- 
ductivity of 2300 lb polymer/lb catalyst was attained. Production rate averaged 23 Ib/hr which resulted in an 
average residence time of 3.0 hours. The HMW copolymer was a 0.41 Fl. 0.931 g/cc density product with a 

rR Of 1 o. 

The foregoing results indicate that the described catalyst is suitable for carrying out the gas phase, tandem 
reactor process of this invention. 
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A process for producing a bimodal ethyiene polymer blend which process comprises* 

contacting in a first gas phase, fluidized bed reaction zone under polymerization conditions a 
gaseous monomelic compositon comprising a major proportion of ethylene and, optionally, hydrogen with 
a Z.egler-Natta or coordination catalyst comprising a transition metal compound as primary catalyst com- 
ponent and an organometallic compound or metal hydride as reducing cocatalyst, the hydrogen/ethylene 
molar ratio (HJC 2 ratio) being no higher than about 0.3 and the ethyiene partial pressure being no higher 
than about 100 psia, to produce a relatively high molecular weight (HMW) polymer associated with catalyst 
panicles, 

transferring the HMW polymer associated with catalyst particles to a second gas phase, fluidized 
bed reaction zone into which is also fed hydrogen and a gaseous monomeric composition comprising a 
major proportion of ethylene, but no additional transition metal component of the catalyst under polym- 
enzation conditions including a H^C, ratio of at least about 0.9 and at least about 8.0 times that in said 
first reaction zone, and an ethylene partial pressure of at least 1.7 times that in said first reaction zone 
to produce a low molecular weight (LMW) polymer deposited on and within the voids of the HMW 
polymer/catalyst particles, the resulting bimodal polymer blend obtained from the second reaction zone 
having a fraction of HMW polymer of at least about 0.35. 

A process according to claim 1 wherein the monomeric composition fed to either or both reaction zones 
compnses a minor amount of a 1-olefin containing 3 to 10 carbon atoms as comonomer. 

A process according to claim 2 wherein the 1-olefin is 1-hexene. 

A process according to any preceding claim wherein the monomeric composition entering the first reaction 

zone compnses ethylene and a comonomer, the molar ratio of comonomer to ethylene to comonomer 

35 l be ," 19 fr °™ 0 04 10 0 7 and the monomeric composition entering the second reaction zone consists essen- 

tially of ethylene. 

5. A process according to any preceding claim wherein the HJC 2 ratio in the first reaction zone is from 0.005 
to 0.3 and the H 2 /C 2 ratio in the second reaction zone is from 0.9 to 5.0. 

A process according to claim 5 wherein the H^Cj ratio in the second reaction zone is from 1 .0 to 3 5 and 
is from 1 0 to 200 times the H 2 /C 2 ratio in the first reaction zone. 

A process according to any preceding claim wherein the ethylene partial pressure in the first reaction zone 
is from 15 to 100 psia, the ethylene partial pressure in the second reaction zone is from 25 to 170 psia 
and the ratio of ethylene partial pressure in the second reaction zone to that in the first reaction zone is 
from 1.7 to 7.0. 

8. A process according to claim 7 wherein the ethylene partial pressure in the first reaction zone is from 20 
to 50 psia, the ethylene partial pressure in the second reaction zone is from 70 to 120 psia, and the ratio 

so of ethylene partial pressure in the second reaction zone to that in the first reaction zone is from 2.0 to 4.0. 

9. A process according to any preceding claim wherein the fraction of HMW polymer in the product obtained 
from the second reaction zone is from 0.35 to 0.75. 

ss 10. A process according to claim 9 wherein the fraction of HMW polymer is from 0.45 to 0.65. 

11. A process according to any preceding claim wherein the temperature in the second reaction is at least 
about 10°C higher than that in the first reaction zone. 

► 15 
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12. A process according to claim 1 1 wherein the temperature in the second reaction zone is from 30 to 60°C 
higher than that in the first reaction zone. 

13. A process according to any preceding claim wherein the transition metal of the catalyst is from Groups 
IVb, Vb or Vlb of the periodic table. 

14. A process according to claim 13 wherein the transition metal is titanium. 

15. A process according to any preceding claim wherein the metal of the reducing cocatalyst is from Groups 
la, lla or Ilia of the periodic table. 

16. A process according to claim 15 wherein the metal of the reducing cocatalyst is aluminium. 

17. A process according to any preceding claim wherein an additional amount of reducing cocatalyst is added 
to the second reaction zone. 
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